A voluntary, anonymous, cross-sectional online survey was conducted among 997 Fellows of the Australian and New Zealand College of Anaesthetists, using an electronic questionnaire. Details about their demographics, employment, research experience and barriers they had encountered, their perception about research and their future intentions to participate in research, were collected. The survey response rate was 24.6%. At the time of the survey, 29% of the survey respondents were involved in research. Respondents currently involved in research were more likely to be practising at a tertiary hospital, to have previously presented at conferences, to believe in the importance of research and to intend to undertake further research training (P <0.05). Time constraints were the most commonly cited reason for not currently performing research. Those who were involved in research spent about 6.3 more hours per week in public practice than those who were not (P=0.012) and had about 4.4 more hours per week of non-clinical time (P <0.001). In terms of barriers encountered during previous projects, 91% of the respondents cited methodological issues, which included complicated ethics approval processes, difficulty in coordinating teams or recruiting participants, non-compliant patients and difficulty in publishing. Sixty-three percent of those surveyed believed more exposure to research activities during training would increase the number of anaesthetists involved in research and scholarly activities. Through this survey, we have identified several areas that, if satisfactorily addressed, could enhance interest and participation in research amongst anaesthetists in Australia and New Zealand.
Clinicians' decisions to participate in medical research may be influenced by both perceived and actual barriers they encounter [1] [2] [3] [4] . According to Meurer et al 5 , the interest to pursue an academic career in anaesthesia over the training years has shown a considerable decline, indicating that such barriers may well exist in anaesthesia. Earlier papers have expressed concerns that academic anaesthesia may be facing a 'crisis situation' [6] [7] [8] [9] . The recent decline in research publications in major anaesthesia journals from highoutput countries such as the UK, US and Canada as noted by some authors [10] [11] [12] may very well be a warning for this crisis, although these observations may not have considered the quality of the publications or included publications by anaesthetists in other specialty and basic science journals 13 .
To our knowledge, no study has specifically looked at the attitudes of consultant anaesthetists towards research activities and the perceived barriers to participation in clinical research. In this study, we aimed to assess Australian and New Zealand anaesthetists' intentions towards involvement in clinical research and to identify the perceived barriers to conducting research activities.
Method
An electronic survey questionnaire (Appendix 1) was designed using the survey platform Survey Monkey (Portland, OR, USA). Ethics approval was obtained from the Prince Charles Hospital Human Research Ethics Committee (Approval No.: HREC/14/QPCH/123). The survey was piloted among fellow consultant anaesthetists, and the survey distribution for a predetermined sample size was facilitated by the ANZCA Clinical Trials Network. Of an approximate number of 5290 Fellows of ANZCA, 997 were randomly selected by the College to participate in the survey. An invitation that included the survey link to the questionnaire was emailed to each anaesthetist in the sample. A reminder email was sent a month later. Study investigators were blinded to the Fellows randomly selected. The survey was voluntary and the participants remained anonymous.
The survey questionnaire consisted of 26 questions divided into four sections: 'demographics', 'details of employment', 'research experience' and 'perceptions about research'. The questions were open-ended, yes/no-only responses and multiple-choice format. With some questions, participants were provided free-text boxes for entering additional comments. Following data collection, responses to some questions were further sub-grouped or re-categorised to facilitate regression analyses. For example, responses to a question on 'principal practice location' were collapsed from four to two groups: i) 'tertiary referral hospital' and ii) 'other', comprising peripheral metropolitan, regional or remote area, and 'I am not currently practising'. Responses to a question on the 'highest level of research related qualification' were collapsed from five to two groups: i) 'Bachelors/Honours' and ii) 'other', comprising any other higher qualification. The responses to the question on barriers encountered during research were collated into four categories: i) methodological issues, ii) support, iii) funding and iv) time. Similarly, the responses to the question regarding factors influencing anaesthetists' decisions not to be involved in research activities were narrowed down to five groups: i) knowledge, ii) interest, iii) support, iv) funding and v) time (Table 1) .
To identify the characteristics common to those who indicated an intention to pursue research activities in the future, respondents were categorised as having either 'positive intentions' (those planning to increase the amount of time devoted to research activities in the future) or 'negative/neutral intentions' (those planning to reduce their research activities in future). Respondents planning to maintain their current research load were classified as having 'positive intentions' if they were currently involved in research and 'negative/neutral intentions' if they were not.
Characteristics of the respondents currently involved in research and those with positive intentions for future research activities were determined by first performing univariate analysis by chi-square on 16 questions (Questions 1 to 6, 10, 11, 13 to 16, 20 to 22 and 25). Subsequently, logistic regression with stepwise backwards elimination was performed on the statistically significant predictors (P <0.15) from the univariate analysis.
Means with 95% confidence intervals followed by one-way analysis of variance tests were then performed to determine the statistical significance of the differences in number of hours spent per week in public practice and private practice, as well as the number of hours of non-clinical time per week between those who are currently involved in research activities and those who are not. The same process was repeated using the 'positive intentions' and 'negative/neutral intentions' groups. All data analysis was performed using SPSS version 22 (IBM, Armonk, NY, USA).
Results
The survey was open between July and September 2014 and the final survey response rate was 24.6%. The majority of participants were male (69%), between 35 and 54 years of age (66%), were practising in tertiary referral hospitals (58%) There was a lack of support from the department and/or hospital from my research activities. Statistical support was difficult to find. There was a lack of resources or access to expertise.
Funding
There was a lack of funding.
Time
There was a lack of time to devote to research work. 
Support
There is a lack of mentors or suitable supervisors in the department. I am interested, but not sure how to get involved.
Funding
There is no research infrastructure at my place of employment due to a lack of financial support.
There is a lack of financial incentives to perform research. and were in full-time practice (70%) ( Table 2 ).
Current research activities
Around 29% of survey respondents reported that they were involved in some research activity. Several features associated with the respondents currently involved in research were identified. Respondents who principally practice at a tertiary referral hospital (P <0.001), and who have had previous research experience (P <0.001), research training (P=0.019) or a degree higher than a Bachelor's or Honours qualification (P=0.021) were more likely to be currently involved in research activity than respondents without these features. In addition, having previously presented research at conferences or scientific meetings (P=0.005), more than ten publications (P=0.001), a belief that research is important for clinical practice (P=0.022) or an intention to undertake further research training (P=0.004) were statistically significant associations with current research involvement using univariate analysis.
Four of these associations remained significant under multivariate logistic regression with stepwise backward elimination, namely, practising at a tertiary referral hospital, having previously presented at conferences and meetings, a belief that research is important for clinical practice, and an intention to undertake further research training (Table 3 ). In particular, attitude towards research was a key factor, as respondents who believed research is important for clinical practice were 3.9 times more likely to be currently involved in research than those who did not (P=0.009).
Time spent in public and private practice was also significantly different when comparing current research activity. Respondents who were currently involved in research activity spent significantly more time (P=0.012) in public practice (about 29 versus 23 hours per week) and significantly less time (P=0.037) in private practice (about 11 versus 16 hours per week) than those not currently involved. In addition, they had on average about 4.4 more hours of non-clinical time per week available (P <0.001) ( Table 4 ). Age group, gender, years after Fellowship and location (state) of principal practice were not significantly different between the two groups in our analysis. However, our study was not powered to reliably detect or exclude all factors associated with research activity, so these findings should be considered observations only and should be interpreted with caution.
Future research intentions
The analysis of outcomes using univariate analysis with chi-square of the predictors of 'positive intentions' towards future research indicated that there was a similar array of statistically significant responses, including possession of a higher research degree (P=0.003), previous research exposure (P=0.012), an intention to undertake further research training (P <0.001), practising in tertiary hospitals (15) New South Wales 40 (17) South Australia 17 (7) Victoria 50 (21) Western Australia 21 (8) Overseas (including NZ and other countries) 57 (24) Other (ACT, NT and Tasmania) 11 (5 NZ=New Zealand, ACT=Australian Capital Territory, NT=Northern Territory. (P=0.023), and completion of Fellowship in the last five years (P=0.048). Attitudes towards research were, perhaps unsurprisingly, also significant in determining positive intentions towards future research. Respondents who would offer support and encouragement to colleagues' research endeavours (P=0.045) and believe research is important for clinical practice (P <0.001) were more likely to have 'positive intentions' towards future research activities. Among the above, only two predictors showed statistical significance with logistic regression using stepwise backwards elimination ( Table 5 ).
Similar to the results with the 'current involvement in research activities', the public/private breakdown of an anaesthetist's working week and the number of hours of nonclinical time available to them were statistically significant associations with their future research intentions. The respondents with positive future research intentions had, on average, about seven hours per week of non-clinical time, compared to about 4.8 hours for those with 'neutral or negative' future research intentions (P=0.009).
Perceived barriers and incentives
The majority (91%) of the respondents surveyed identified methodological issues as a barrier encountered with their previous research efforts. Such issues included a complicated or daunting ethics process, difficult coordination of teams or patient recruitment, patient non-compliance with research protocol and difficulties with publication. Time (72%), support (70%) and funding constraints (55%) were also identified as barriers (Table 1) . Time (73%) was the most commonly cited reason for not being currently involved in research, followed by interest (44%), funding (43%), knowledge (36%) and support (30%). Amongst those who are currently involved in research, 77% spend five hours or less per week on research activity and 96% spend less than ten hours. In our survey, 85% of respondents were happy to extend support and encouragement to colleagues in their research activities.
The most commonly cited perceived advantages to being involved in research were 'participation in research helps me to practice evidence-based medicine and therefore improves patient care' (67%), 'involvement in research enhances my professional reputation' (59%) and 'participating in research enables me to discover new scientific concepts' (54%). Interestingly, 9% of respondents felt that there was no benefit in participating in research activities.
Around 63% of those surveyed believed that more exposure to research activities during training would increase the number of anaesthetists involved in research and scholarly activities. Around 9.8% of the respondents were intending to undertake further research training themselves.
Discussion
A decline in interest in academic anaesthesia has been a major issue discussed in the literature recently [6] [7] [8] [9] . Our study identified a number of potential barriers to anaesthetists' involvement in research activities. More than 70% of the respondents surveyed cited lack of time as a reason for not involving themselves in research activities. There was on average, a 4.4 hour per week difference in the amount of non-clinical time available to anaesthetists with and without involvement in current research activities. It could be hypothesised that, due to time constraints, anything more than occasional involvement in research may need to be done in researchers' personal time, which could diminish their motivation and interest.
The survey respondents currently involved in research and those with positive intentions towards future research tend to spend more hours practising in the public sector rather than the private sector and had more non-clinical time per week available, although it was unclear if this was paid or unpaid non-clinical time. These results could indicate that public practice facilities and conditions may be conducive to research and may positively influence research activities. However, it is also possible that respondents with positive intentions towards research are more likely to seek employment in the public sector. Only 43% of respondents identified lack of financial incentives or funding constraints as a reason for not being currently involved in research. Many projects still require a basic level of funding and difficulties obtaining such funding may well account for some of the 55% of responses citing funding as a barrier during their previous research attempts. The perceived lack of any major impact that anaesthetic research can exert in changing the management of any disease or in the financial returns of the health service could be a major drawback when it comes to attracting substantial grants for anaesthesia-related research in a funding battle with research in other specialties such as cardiology, neurology or oncology 6, 7, 14, 15 . However, there have been a number of National Health and Medical Research Council grants awarded to anaesthesia-related projects over the past few years. In addition, financial support for both experienced and novice researchers undertaking projects in the field of anaesthesia, intensive care and pain medicine, is provided by many organisations in Australia and New Zealand 16 .
Access to appropriate expertise and support also appears to be an issue. In our survey, around 36% of respondents felt they lacked the training or expertise necessary to become involved in research and 15% were interested but were not sure how to get started. According to Albers et al 17 , availability of a lead researcher as a mentor helps in immediate feedback and therefore maintains the enthusiasm of an early researcher. Seventy percent of the respondents surveyed mentioned that lack of support was a barrier they had encountered previously. This was support either from colleagues (23%), their department and/or hospital (23%), statistical assistance (43%) or a general lack of resources or access to expertise (33%). Interestingly, in our survey, nearly 85% of respondents stated they would support their colleagues in their research endeavours.
In our study, around 22% of the respondents had some research-related training. This is similar to the proportion reported earlier among physicians in Japan 18 . Rahman et al 19 have stressed the importance of training clinicians in research methodology, encouraging them to pursue higher degrees and developing programs to engage them in clinical research along with an active clinical practice. Nearly 63.1% of respondents in our study believed that more exposure to research activities during training would increase the number of anaesthetists involved in research and scholarly activities.
Intellectual curiosity and enthusiasm have been described as the most important qualities of an investigator 20 . Interestingly, we observed that a lack of interest in research was reported by 44% of those surveyed; 9% of the respondents perceived no benefit in research activities at all. The small number of respondents who perceived no benefit in research emphasised the importance of medical research being conducted by genuinely interested researchers, particularly in fields such as oncology, cardiology, genetics etc., where research can potentially make a significant impact on healthcare, as opposed to mandatory research merely to get through training or for better job opportunities in anaesthesia. Some respondents felt that quality-assurance activities are more useful than research in anaesthesia. Gelman et al 8 suggested that perhaps the psychological profile of those who choose anaesthesia may not be that of a scientist inclined to put in long hours towards research. Moreover, having "time off" 21 and a lifestyle choice were mentioned as some of the main reasons for having chosen anaesthesia as a specialty. In fact, the prospect of achieving a "controllable life style" and working part-time in this specialty could be seen to be major attractions for choosing anaesthesia as a career 22, 23 . It may also be true that many talented and academically interested trainees do not perceive academic anaesthesia as a viable path 7 or they may choose a different specialty more conducive to research 24 .
There were a few comments in our survey that reported the inability of anaesthetic departments to facilitate research activities because of the concept of research being undervalued by the hospital administration. Concerns were expressed about the lack of time for research in the private sector. There were suggestions to encourage interested researchers by increasing their time away from clinical duties and/or having a department with a mix of clinical and academic or joint clinical/university appointments and College-level support for early career researchers with welldesigned projects. Other suggestions included increasing the number of competitive research grants and setting up national perioperative databases as opposed to investing in large randomised controlled trials.
The results of our survey must be interpreted in the context of the limitations of the survey. The response rate of 25% may limit the generalisation of the results, especially as we cannot exclude bias between responders versus non-responders. Likewise, our results cannot confirm or exclude an influence of the associations we found to be nonsignificant due to power limitations. It is possible or even likely that the respondents to our survey represent a subset of our target population who are more interested in research activities and therefore are more likely to respond to such surveys. The inferential analysis was performed from these limited survey responses and caution needs to be exercised while interpreting results due to interdependency of variables analysed. However, we speculate that the relatively low response rate itself may indirectly reflect the interest among these specialists to support research activities. We did not include anaesthetic trainees in the survey as they may experience a different spectrum of barriers to involvement in research such as exam preparation. We also did not specifically investigate academic departments, which may provide very different responses. Due to a low number of responses in some categories, and in order to simplify the analysis, certain responses were merged to reduce the number of categories. This may have affected the accuracy of the true picture. Preformed responses were given to questions on perceptions about research, which may have limited the respondents' choices. However, open-text boxes were provided for any additional comments. Similarly, Likert scales were not used and respondents could not prioritise their choices.
Since the term 'research' was not explicitly defined, respondents might have also referred to quality assurance activities such as audits when completing their survey. In addition, despite not initiating research projects, there is a possibility that some respondents may have indirectly been involved in research activities by allowing their patients to be recruited to their colleagues' projects or into multicentre projects organised by external bodies, thereby indirectly supporting the research. In these situations, it is likely that the practical barriers identified by respondents, such as funding issues, time constraints and lack of expertise, may not be meaningful. As this information was not captured by the data the real level of support shown by the respondents to research activities may have been under-or overestimated.
In conclusion, this survey found that only about 29% of respondents were currently involved in research activities. These respondents were more likely to be practising at a tertiary referral hospital, have previously presented at conferences and meetings, to believe that research is important for clinical practice or intend to undertake further research training. Including research activities as a part of anaesthetic training, ensuring minimum protected nonclinical time, better research infrastructure and support, mentoring by experts and simplification of ethics review processes were amongst the suggestions by respondents to increase research involvement. While further study is required to validate our findings, this survey has identified several areas that, if satisfactorily addressed, could enhance the interest and participation in research amongst anaesthetists in Australia and New Zealand. Statistical support was difficult to find. Publication was difficult or not possible. There was a lack of time to devote to research work. There was a lack of resources or access to expertise. Other (please specify) 13 
